
I, Coinf $ Cysflhgiqh ,K4 2- l.4A D -A 284 515

Structural and electrochemical characterization of 1,3-bis-
(4-methylphenyl)imidazolium chloride DT 1 c

,IlELECT"[
J0an Fuiller" and Richard T. Carlin ER 14 1994

Recrived alurch 21. 1994 1

Tl'h nth e o" I ..3-hi.(, -,washylphcnyl)ieidatitns c.IIdc w,, delerminit simdicotpardiL l t,
wtl. ele.l.i' is itl a,,tile *hel l C-ol .ii v ; . T he iolvthait2 sli,, i'l l1a1 ditfjtf eiv ct i% ihi- piL 1'4.r N2 ( '2 N

alglei il ti4e sll ( 19.v) h:than illn lihe ca •iee ( 101 . 2"). Au ,,elcntre, siea invc-tigation of the
salt revealeda single reductionat -2.32 V in ithe forwardl scan and two oxildalios. at -0.89) ;nd
-0.54 V folhowing scan reversal.
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LLn Introduction fCore, in addition to the crystal structure, we have also
% cxamined the electrochemical reduction of I in tetra-

.. The recent synthesis of stable carbcnes by reduc- hydrofuran (THIF).
ý lion of hmidazolium salts with sodium hydride or potas-

__ su_ tert-butoxide constitutes a major breakthrough in
this area.' These carbcnes are stable in the abscncc of Experimental section
oxygen or moisture and offer the possibility of useful
synthetic reagcnts in a variety of chemical systems.' S"nthesis and c'haracierizaio t
Although the strUcturcs of these carbenes have been rc- The salt I was prepared tusing the melhod of Ar-

-~ ( portlned and discussed in comparison to imidazoliunii cat- duengo. 7 Paralornialdehyde (I.54 g) was dissolved in
ions, to our knowledge, the only reported comparison 15 ml of 99% anhydrous toluene. To this solution was
of a stable carbene structure to its imme(diate i,,idazo- added dropwise (0.734 g ot" p-toluidene dissolved in 15
lium precursor is [he di- I -adamanlyl derivative. ' There- i1d of toluene. The mtixture was helated ill 100lC ot& 5
tore. we have performed single crystal struciIural anal- 1lion ito dissolve all ithc solids. It was Ihens cooled ito 1mom11t
yis of 1.3-his(4-otiethylphenyl)imidaztlium chloride, I, tfemuperature and 8.27 g of • M I ICI was slowly ;dtlded.

SlOr comparison to its stable carhene 3-his(4-methyl- After the addition olf the IICI, the solution was stirred

phenyl)-iimnidatolf-2-ylitdene. 2' and to the structurally fOr 5 nillna room temperature an. 7.26 g of"4(1% glyoxal
rclated salt 1,3-diphenyliiitid.zolitmisi perchhorate, 3." was added. The mhsixfutre was mtirred fir 2 hr at 100'C(.

For certain synthetic applications of these car- A her cooling the volat.iles were removed under vactuuim.
hencs, its is easier to firin the carbetne only as an inter- The dark precipitate was washed with acetonitrile and
mediate, thus, avoiding an isolation step. In these cases, dried. Crystals suitable for crystallographic analysis
the chemical reduction routle may not he desirable le- were obtained by slow evaporation of an acetottitrile
cause it often requires removal of the reducing agent water mixture. The sailt did not crystallize in the absence
prior to addition of other reagents. Elect rtchenmical gen- of water. The II NMIR (Varian Gemini 3(W), TlMS in-

I eration of'these carbelnes wotuld oller an additional rapid ternal relfccrce) ill Cl) ()l (99.99%) of the rccrystal-
and efficient altemrative route to these syntheses. "there- Itzed matcrial showed resonances at d 2. IX ppm (s, 611);

2,45 (s, 611); 7.46 (d, 'Jillt = 8.5 IIt. 4 II, Art); 7.68
.*'"Fr.mk I SLlctr RcwcJrch It-toralory. 2354 Vanindxnrg D)rivC. Suite (d, 'J.... = H.5 lIz, 4 11, Ar); 7.94 (d, 4jill = 1.6 Hz,

2AW'. USAF At'idcti)y. C.hi. ..t, t.. N-ts.h2O72. 2 II); 9.74 0. 41,11, = 1.6 IlIz. I I1). The resonance at
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2.18 ppm is assigned to water alid corresponds to 2-3 'Talile 2. Finalt fractioni al mrtfiiiute for nonhaydrogen ailmn

water molecules of hydration. Thc PT-I R spectrum (Ni-
cole[ 5101" ET1-IR) of lthe recrystallizecd product in a KBr Alom X ZU1

pellet revealed a broad absorption at 3400 cmn -' con- cli 0.1346(1) 0.134601) 0.0000I 0.108(l)
sistent with the presence of' water. 01 0.2981)(2) 0.7020(2) 0.0000) 0.116(2)

02 0V.059403) OMS194013 0i. 50(11 0.097(3)

C'rystullograp~hy NI1 0.1749(2) 0.8854(2) 0.1486(7) 0.055(l
C12 0.31402(2) 0.9587(2) 0.9326(9) 0.072(2)

All crystal lographic data were collected with a Sic- Cli 0.2814(2) (0.8516(2) 0.4225(81 0.057(t)
rncns R3m/V diflfractometer. Data collection parameters CII1 0.3329(2) 0.8701(2) 0.6122(8) 0.056()

an inllatcepraeer er etrindfrn te C9 (0.334612) (0.9388(2) t0.7111M7) O.116(t)
andfial ioic paamtes wredetrmne frm he CH 0.2816(2) 0.9912(2) 0.6442(101) 0.0)73(2)

full-matrix least-scluarvs refinement of' [the angular set- C7 0.2298(2) 0)9742(2) (1.4551(t)) 0.075(2)

tings Of 50 reflctionS (20-30*20) and are given in Table C76 (1.2295(2) 0.90)36(2) (0.3440(8) 111.t034(l)

1 . lData were collected with the 20 technique, and the C74 011.10(t2) 01.9247031 0.0)93t(13) (). 1118(2)
initensities were not corrected for absorption. Calcula- C2 01)374612) 01.8254(2) O.188)0 11.054(t)

l ions were carried ot( w ith lthe Sicnme ns MIIELXTI - ( P u ac NII317idl nd~'n ii~ i wIric l 1 )tI

ye rs io n) system of ciomptilie .p ro gramIs. St rileiitire s Iii - gw idUIi~

lion was accomiplished withs the aid of a direct methods
program included in the SI I I:LXlI. systeml of' pro-

graim. All nonhydrogen atomis were relimed with an- f~ractional coordinates for the nonshydrogen atoms are
isotropic thermal paramneters. H ydrogen atomis were sum~marizecd in Table 2. The twoilold symmetry equiv-

placed in idealized positions with isotropic thermial pa- alents of" N I and C4 arc labeled N3 and C5, respec-
rameters. Refinement converged with R? = 0.0451 for tively, in keeping with standard ring ntimbering nonien-

884 observed reflections and wR = 0.059T. rhe final clature.

T~able 1. Crysota datas for I,3-bis(4-iliciliyptphenyl)itii~idazotiuiIt Ele'ctroch~emistry

The solvent was Anhydrous Grade TI IF from Ald-
I .3.tiis(iiwihiylphcnyt)iiiiiJazolikimi Mu Ktt radiationlu rich ( < 0.0W5 % 11,0) and was dried over 4 A glolec-
Chiloride A - 0.7101.1 k ular sieves prior to use. 'lerhtlnoimhexatlim-
C ,N'ltCt-21lo Cell p~aramewi froim 50 relvicatins rophosphate (TIIA Pr-,) was tvjIcuutl dried Overnight at
M.W. = 320.t65 Ii l-30,
Tcoragan~at = 01.233 1111 120'C. The electrolyte for all experiments was 0. I M
P4,2,2 T 296 K rB3AlPF,, in TI IF. The salt I decomposed upon healing

It= 17.9673) Plate preventing adequate drying oft(le salt. Electrochemical
'.= 5. ll$Mi) A (0.8 x (1.5 x (1.3 lint studies were perl'ormcd at 23*C in a Vacuum Atmo-
V - 649.30Si At Orange sphecre dry box under a Ilie atmosphere ( < 101 ppm C)
Z 8
1), 1 .249 g/cin' +li

Daut olletionVolt.Immetric experiments were perf -orniell using

Sicmc~ R~/V dffrjcom~w = 249-in EG&G I'ARC Model 273 Potent iostat/Galvanostat
20 scans 0_, 45' controlled with the [EG&G PARC 270 sofiware pack-
Absorptionn cuarrmilwn: notte It- (1-11 age. The elect rochem ical cell consisted of a glass vessel
measured relkclions 2324 A, 1-14) fitted will% a drilled Kel- l- cap. TIhe working electrode
11(ctndtlolln 1:clioiis I1) MI - .5 5 was a 3 mmn glassy carbon (GC) disk electrode tromi

ithmc~d cutoUm 884 3 -t.Wa~ld TtletiUjBW IinBluim1 Ilioanalyt ical Systems, and the coun~ter electrode was a
IF >4.0oF~l veryRXI ellwnn.N0. 5 mmn Pt wire. The reference electrode consisted of* a

Refinememu 0.5 mill1 Ag wire immersed in TI IF containing 0.0)1 M
Rheinemeiii on full mijlrix i10.1 paraiccwrs

1xmmlalsi,= + 00)1701F' AgN() and 0. 1 MI TIAIPF,, The potential ofl lthe fer-
Fzinal R = 0 W. I Wit 111.33 U A 'rtocelle/ferrocenium couple was - 0.012 V versus this
wk 0,03597 =-40.2 CA Ag/Ag' recrcene electrode. Staircase cyclic voltaamo-

88 =~kini Moi5x.h1cn ~itxu gramlis were collected using a step incremlent of 5 miV.
89 d11in Mnl %ateLringfat'c (to Po sitivye Iced back comnpenlsa t ioni was uised ill ill I x per-

e liellis Io co rrec t for th cj et micoipen saed cell resi stanlce,
"wR = I11 Wt - 0A' - F_,)" 1: (Wt - I)l''"which WaiS approxliimtely 3 W1ohms.
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Fig. 1. O trF.P uf org-',nic cation of I.

Results and discussion pares to an imidazoliunm-phe1nyl intcrplanar angle of
37. 1° in 3.' The 4-methylphenyl substituents in 2 are

Crw.II ti amd molecula'r .lruolre not equivalent and form two intel)lanar aingles of* 3 1 °an 340 with th~e inmidaizoliun ring; however, the rings
An ORTEP plot showing the molecular structure

.arc oriented such thai there is a pseudo two-l'old rotation
and labeling scheme of0 I is provided in Fig. I for clar- axi passing through the C2 in the same mancr as theil y, the chlrit mc anld w.'t ers have been omitted. The bond In, twol'olds seen in I an:d 3."` The interplanar angle
distances and angles t'mr the nonhydrogen atoms ir ,appear d
summarized in 'Table 3. For comparison, the bond dis- a s to ie determined 1byo packing considerations and

lances and angles for the carbene 2" and the pcrchloratc not hy ring to ring electronic interactions.

salt 3." are also tabulated. As expected, the molecular The two water molecules sit on the twofold rotaion
ror I a are axis anti are involved in hydrogen bonding. The crite-bonding parameters frIand 3 rcsimilar, while thle

rion used to identi fy a hydhogen bond between 0 and Cl
is the 0- - - Cl distance must be less than (lie sum of'

.fra). tlhe van tier Waals radii, 1 .50) and I .80 A , respcc-

The 1,3-bis(4-methylphcnyl)imidazolium chloride hi1ely.K In addition, hydrogen bonds betwc0A the inti-

sits on a cyrstallographic twolfold axis. The five member dazolium ring hydrgtns and 0 or Cl are dbe med pres-

imidazolium ring and the 4-methylphenyl.ring exhibit en rin hy and 0 ir Cl ar e de m of

mean deviations fromt planarity ol' 0.0 A antd 0.002 cnt when thie Hi- - - X distance is kdss than the sumt of'
respdectively. r leas-squarey o" 0. nd 0.the hydrogen and 0 or CI van der Waal radii, respec-
respectively. The least-squarc planes defined by tile lively.K Table 4 summarizes the hydrogen bonds (hr the

two rings I'onn an interplanar angle of 12.80. This coin- strcture. Both water molecules participate in hydrogen

bonding to the chloride ion with bond distances of 3.076

Ttble 3. Compyarison of ontd tistuncc, (A) and angles (*) for 1,3- and 3.189 A.
hismyliynidanmhwn chloride (I), 3-1i. I-ILhylphcyl)-ina.,tl-2- A view down the c-axis (Fig. 2) shows a packing

ylaidnc t2), 1.3 .- tiphcnylhnhmiatulhnoiunircItahoraLc 13) diagram of the sllilctlore. 'T'he organic rin gs |'Mrnt sliacks

m 2running along hie iwol'old crystallographic axis. The
Alumns I 2 31 water molceules and chloride ions lie along the channels

C2 -- N 1.326t4) .x |2 1.319(4) formed by the orgaulics. The major iterniolecular tirce

C'2 - N3 1.326(4) 1.375(2) 1.314)(4) in the stnclture appears to be the hydrogen bonding tha;t
C4 - C5 1.33915 t 1.334(2) .319(t) is occurring between the water molecules and the chlo-
NI -C4 1 .3H1(4) 1.3924) 1.375(5) ride ions. It is interesting to note that attempiL at re-
N3-C5 t.3h1t4) 1.394(2) .375t0)
Nt-suhstituent 1.432(4) 1.430(2) 1.438(5)
N3-suhmituctit 1.432(4) 1.43t(2) 1.43M(5) "Table 4. I lyatmpen Itmmd disimance in I
NI -C2-N3 I M.3(3) 101.4(2) 1(19.6(2)
C5--N I -- C2 108.0(3) 112.901) 107.40) Atnoms D)istancc (A)
C4-N3-C2 I0H.0(3) I 13.O(t() 107.4(3)
NI -C5-C4 107.4(3) 10(6.6(2) 107.7(3) 01-CII . .3.0176

N3-C4-C5 107.4(30) 106.2(1) 107.7(3) 02-Ct 1 3.199

C2-NI-suhstituent 126.6(3) 123.10() 126.1)03) 02 -114"
('2 - NSu3-.sub•ituni 126.603) 122.9(1) 126.01(31
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= andi the 4-incthylphenyl ring which is, smaaller In lthe car-
be-ne analog thain in 1, 123.10" and 126.6', respectively.

Electrochaemistry

Thc cyclic stazircase voltasuiasgrams of (21 miM) I in
THF is shown in Fig. 3. A single reduction at -2.32 V
is observed during thc forward scan and two oxidations
at -0.89 and -0.54 V appear following scan reversal.
A scrics of staircase cyclic voltanimograms were col-
lcctcd at scan rates fronm 0.5 to 5 V s- with a 10 s hold
at -2.7 V. Currents were nornialized by dividing by
thc square root of lite scan rite; for a completely re-

__________________versible or irreversible di lhjsion-contnil led process, the
peak currents for the nortsalizedl curves should remain

Fig. 2. V iew tit' I dwimn litecaxi% consta it ." Th~e rcsaa ii ng Ii normalize~d vol tan itt ii gnli iis I'l
F~ig. 4 display lthe same peak heights indicatisig a dif-

crystallizing the salt in lthe absensce of water f ailed. Pre- liasion-controliled electrochemuicail process. I otwever, we
viotis work has reported lthe carhene precuirsors are have not alteitipted a4 dclailed kiiietic hoigcsu or
(difficuilt to (fry andi that the waler can provide a decoan- ltcterogeneotis) analysis of lthe redaictilos fiiikLc55 hc-
poisi tion path way Iior lthe ca rbene . cause of i the larage ci wrecili on i adc liar' usacoit peassa lcd

The relationship between I and the carhcne analog resistancc which call lead to erroneous interpretations oft
arc tabulated in Table 3. It has been noted that the angle, peak potential shtifts and peak shapes.
N I -C2-N3, is larger in the salt precursors than in the The two oxidation waves scect during lthe reverse
carhcec sinhctures.-' That is indeed the case for both I scan correspond ito th~e generation (it one or two dcec-
and 2, with N I -C2 -N3 angles of 109.6' and 10 1.2', troactive species by lthe iedtiction process. Importantly,
respcctively. Thc structural differcnces can be explaintte lthe peak heights of (tie normalized oixidations waves ini-

by the tendcncy of the carbene to stabilize its stnseture crease witlh increasing scant rite indicating lise products
by utilizing both stcric and electronic efllits:' Further are only partially stable dulring the liaie of Ithese: exper-
evidene of the electronic stabilization of' the carbene inients. At tlie fastest scan rats ,thc total oxidation cur-
cun be seen in the angle fornied by the infidazolium ring rent is appfloximately 0 lo te redluction current. DL-

"9.1 as

76.66

-16.66

- 3 6 .6 6.............. ... ........... .. ...

6.466 6.660 -9.406 -6.609 -1.21111 -1.15" -2. 9" -2.46 ~ 6

E MV vs. ADAs*

Fig. 3. Sitsircuse cyclic; volt~amntngrimr tit I in T111';i ~a 1 l .%.%y~ kf ca t 0.tfi
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V. Cureiciml lg.risw nald by Ow 3hc uart: fruom titn I tt % i •:;vi ' .

creasing the scan rate to 50 mV s-I and eliminating the and use of the diffraclometcr. This work was soupp"mcd
10 s rcduction hold (not shown), gives oxidation peaks by the Air Force Oflice ol Scienlilic Research.

only 5 % of the reduction process. The unstable products
of I clcctrochemical reduction may he the cLrtu'ne or a

carbene reaction by-product. Although the water level
in the THF electrolyte is less than 50 ppmn (<2 mM), Relierenccs

addition of the salt I introduces additional water to a

concentration twice thai or the imidazolium calion. Trhe I. Ardtungo. A J.. Illt II-,tow. R t. . KliO hIt J Am Oherm.

carbcnc is known to be unstable in the presence or trace S. un1 11. 1/3. I,. -
water. Therefore, future electrochem ical investigations ids2. F.n J. A mI . tmt. S('. 19Yh, ItI , 10'. Q 704

will Iake greater precautions to eliminate water from the 3. Arduengo. A.J. 1I11 IIaia tun. t V I , 'Al~hite, I C.. iav.

system or will employ carbcne-coniplcxing reagents i4du, F. UJ. Am Ch, IIm. Sit,, I9.2a| , 114. ('724.

such as transition metals to trap the clecirohchnlicaly ,mm, I- lu,,r.. Oitt,- 1aI.a, .12. It141

generated carhenc iniern tediatc. S Art nrl. A .J t Ill, A•.t .• I).a 11, I i V It ., , N I. . khIma.

M. J. Amti. Clrm. Sm. 1992h, 114, 55.10
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7. Aititiciigi). A.J . Itl (I1991a tI S I',metil 511 77 414
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